(M.M. Rahman). 
(SR-XRD), UV-Vis, Fourier Transform infrared spectroscopy (FTIR) and X-ray photoelectron 37 microscopy (XPS) techniques. High thermal stability of coatings with multiple phases, binary 38 and ternary metal oxides, was defined through SR-XRD study. FTIR analysis shows moderate 39 (<80%) to high (up to 99%) reflectance in the infra-red region while the UV-Vis investigations 40 demonstrate that, in the visible region, solar absorption increases gradually (up to 95%) with the 41 addition of graphene oxide to the Cu x Co y O z coatings. With the incorporation of 1.5 wt% of
Introduction

52
Over the years, cobalt based mixed metal oxide thin films have been extensively studied 53 by different groups around the world owing to their wide-spread applications [1] [2] [3] [4] . Pure copper 54 oxide [5] , cobalt-copper oxide, manganese-cobalt oxide, nickel-cobalt oxide [6, 7] , and copper-55 aluminium oxide [8] have been used as high performance optical selector or absorbers. The their practical applications as catalysts in oxygen evolutions reactions (EOR) [9] . There have been properties of sol-gel derived Cu-Co oxide coatings have been investigated by other groups [10, 11] .
64
In a recent study, Rahman et al. [12] reported the annealing temperature effects on the metal/metal oxides nanocomposite and nano-sized Co 3 O 4 materials have been extensively 69 discussed in earlier studies [13] [14] [15] .
70
Optical applications of graphene oxide is also well-known [16] . The high optical absorption 71 and tuneable optical band-gap are the most appealing characteristics of graphene that make it an 72 ideal material for the effective light harnessing [17] . Light absorbing photovoltaic applications of 73 graphene based materials have been reported in an earlier study [18] . Optical absorption and power reported [19] . The application of graphene in organic photovoltaic devices has been reported by 76 Arco et al. [20] and Liu et al. [21] . Graphene has been reported to be a promising candidate for 77 offering improved efficiency of light harvesting devices e.g., inorganic, organic [23, 24] , hybrid [25] , 78 and dye sensitized solar cells [26] . A series of comprehensive reviews focused on investigating 79 manufacturing aspects, properties, and applications of graphene and graphene-based materials in 80 energy related areas [27] [28] [29] . Optimization of optical properties of inorganic compounds mixing
81
with graphene oxide forming a hybrid system is also feasible in the development of graphene 82 oxide-based selective surface. As graphene oxide offers good solubility in aqueous and polar 83 solvents, the sol-gel method is a feasible technique to prepare graphene oxide based thin films.
84
These coatings exhibit high transmittance and the strong ability to resist abrasion, which make 85 them suitable for applications in some harsh conditions.
86
In the past few years, numerous strategies have been adopted in the design of metal oxide 
where, is the absorption coefficient, h is the incident photon energy, A is an energy 192 independent constant, E g is the band-gap energy and n is an index depending on the type of allowed transitions and n = 3/2 and 3 for direct and indirect forbidden transitions, respectively [32] .
195
Thus, the direct transition energy gap (direct band-gap energy) can be obtained by plotting h vs black-body distribution (I p ) and can be computed using Eqs. (2) and (3) [35] :
The solar spectrum, I sol has an air mass (AM) of 1.5 in accordance with the ISO standard 9845-1 214 (1992). A key parameter of a selective surface is its selectivity, s, which is defined as a ratio of 215 the solar absorptance ( ) to the emittance ( ) [36] as given in Eq. (4):
where signifies solar absorptance of the coatings estimated in a wavelength range of 190 nm 218 and 2200 nm while  is the emittance in a range between 2.5 µm and 15.5 µm. Tables 1 and 2 ). All the coatings exhibited sharp diffraction lines at all temperatures indicating 231 well defined crystalline phases. Absence of any impurity diffraction peaks reveals that the 232 samples are formed with highly pure precursors. According to Table 1 and Table 2 , it is clearly deposited films is also in good agreement with the reported data for CoO [37] . However, the CuO 243 lines show the relatively low intensity in the X-ray pattern on these coatings. (Fig. 4(a-e) ). All the O1s spectrum shows a strong peak with a shoulder at the high 
326
It is also seen that the coordination number of oxygen ions is much smaller than in cobalt oxide 327 thin film coatings with and without the addition of various wt.% of graphene oxide (Fig. 5) . The
328
C1s XPS spectra display a single peak at 284.6 eV together with an asymmetrical tail at high from graphite stacking material [58] . In Ref.
[59], π-π* shake-up at higher energy side 333 corresponding to sp 2 hybridized carbon was noticed. However, in the present investigation no π-334 π* shake-up was identified. A reduction in the peak intensities of C=O/O=C-O bonds was seen 335 on the deconvoluted C1s peak and indicates the incomplete removal of the carbonyl, hydroxyl,
336
and epoxy groups (originated from the oxidation and destruction of the sp 2 bonded pristine graphene) after the heat treatment [60] . The C=O bonds were detected at 288. 
Energy band-gaps of (Cu x Co y O z + graphene oxide) coatings
355
The UV-Vis absorptance spectra presented in Fig. 6 were used to inspect the optically 356 induced transition and to acquire information about the band structure of the films. Table 5 . The values of direct and indirect transition energy gaps lie between 1.6 and 370 2.4 eV. From Table 5 it is found that the energy band-gaps of CuCoO coatings slightly decrease 
380
The solar absorptance values estimated in terms of reflectance as described by Duffie and
381
Beckman [35] are displayed in Table 6 . The UV-Vis reflectance data presented in Fig. 8 al. [7] . The solar absorptance of the coatings without graphene oxide was found to be 83.4%,
387
however with the addition of 1.5 wt% of graphene oxide, the absorptance increased to 86.14%.
388
Thus, the introduction of controlled amount of graphene oxide to the Cu for the films because of its low cost and high reflectivity [6] . The highly reflective aluminium Table 6 . From our measurements, it is observed that in the infra-red and far infra-red region, the radiation also take place around the film surface [64] . As a result, the solar absorptance is raised up 
